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FAILURE MODE AND CAUSES: Loss of RF signal output from antcnna A and B caused by:

O  Open ot shoned antcnna feed
€ Open or short on RE connector

O Faulty microsirip

FAILURE EFFECT SUMMARY: Loss of desmuct capability of one SRR if it shoutd break away from the cluster,

leading 1o Joss of life or injury to the public. One suceess path remains after the first failurc. Gperation is not

affected until both paths are ozt

REDUNDANCY SCREENS AND MEASUREMENTS:

1. Pass - Checked during Bench Test.

2. Fail - Unable 1o check redundent paihs during fight,

3. Pass - No credibie causes

EATIONALFE FOR RETENTHN:

A. DESIGN:

O AFETEM/SAMTEC-127-1 requires Lhat the Shuttle RSS antenna system provides ninety-five pereent spherical
coverags about the Shuttle and that the gvarall Range Safety System sensitivity will be at Jeast 12 dh below the

RF signal level supplied by the Air Force ground wansmiszion system gt any point in the flight trajectory. ‘1wo
independent antennas on £ach SRB and two indepondent antennas on the ET, plus cross-smapping, have been
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implemented to satisfy this requirement. A single SRP with 1wo operational antensas whuch breaks away from
the cluster will alsa mect the requirement lor pinety-five percent spherical coverage for the shuttlc.

O The oss of ane antenna degrades the spherical coverage to less than ninety-five percent at the specified maryin
of 12 db above the system threshold. Each anteana is located on opposite sides of an SRB and prudomimantly

covers one hemispherr with significant averlap into the other hemisphere.

0 'The intont of the AFETRM/SAMTEC 127-1 requirement is lo provide desouct capability regardless of vehicie
allitude (within practical limits} at any given time. The shility to destruct a vehicle with one antenna is highly
dependent on the anitade of the vehicle, the position of the operational antenna on the vehicle and the received

signal level margin at the vehicle,

{0 Tho 8RB receives an RF sipnal level that is typically 25 db above the measured threshold of any IRD a the
manitivm slant range. This excess margin of power compensales far reduced antenra coverage resulung from
one failed amtanna. Coverage is esimated to be eighty to eighty-five percent at a signal lcvel thar is 3 db above
treasured threshold.

QO The worst-case condition fur reguited operation of the RSS with one antenna failure is an SRE that has broken
away From the cluster and hac ils antenna null pointed at the transmitcr. This SRE can be expected o avt
erratically and net maintain attitude contrel in toll, pitch, and yaw. Under these conditions the null peinting
posiiion will follow changes in amitude of the free Nying SRE and will evenluzlly move away from the
transmitters direction. If the Arm and Firc comnands are repeatedly sent by the. mansmitter, they will
eventually be reccived and cxeconed.

O Ln conclusion, the antennas are not redundant in the classical sensc but are considered redvmdant in the
operational systems modce.

O The antenna is designed te survive the high vibration, shock, and thermal levels creountered during the boast
and dcscent phaaes of tlight, and salt water immersion during the recovery phase. The antenna meets ali the
requirernents of the Command Antenns Madel 320 Spec (1OSPC-0028). .

oK s

O The anenna has two vendor sources. Teledyne-Lewisburg and LaBarge. Both vendors have been cenified as
suppliers by completing qualification testing. Teledyne-Lewisburg qualification is reported by Qualification
Test Reports ET45-SRE-600 and ET45-SRB-604 and certified hy USBT COQs A-RS5-3104. LaBarge
gualificalion is reporied by Qualification Test Report LEH-9600 and certified by USBI OO A-RSS- 3106,
The 10406-0093-103 is qualificd to 20 missions. Due to cost effectiveness, SRB program has identified the
10406-0093-104 as single mission hardware., The 10406-0023-104 is quahificd for single mission use and is not
refurbished.
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©Open or Shorted Antcnna Feed

The antenna feed comaists of an impedance matching (and phase shiflling) network (P/N 10406-0096 and -0057)
and a pair of feed pests (PN 10406- 0104-104). The functivnal mictostrip surluces of the mirror image
network hoards are butted 1ogether to provide isolation for shorts and conductor radundancy at all positions
along the tnictostrip except the electrical connectien poinls 1o preclude open conductar failures. The foed posts
arc solid metal and arc attached to the matching network boards and the radialing element micrnsirip boards by
screws and washers. The screws are epoxied in place after torquing. All of the microstrip boards are £poxy-

bonded along the edges to mitigate sall water contamination and conlamination ShoMs or opens.
ik ]

Cpen ur Short on RF Connector:
This modified RF counxial connector it attached to the matching network boand with seven screws. The center

conductor is attached to the matching network (ved point with 2 screw, All screws are epoxied afier lorquing ©
mitigalc opens due to 1oose strews,

Faulty microstrip:

This micrastrip radiating element board is procured and processed ta the requirements of MSFC-SPEC-
S0MGO233.

TESTING
VEWDOR RELATED TESTING
Bach antenna is subjoricd Lo acceptance testing 1o USBI approved wst procedures, ATL-7938 for Teledyne-
Lewisturg and LBH-5414 for LeBarge. Acceptance tasting cstablishes the absence of open or shorted antenna
feed, upen or short of RF connector, or faully microstrip at the time of testing. (Al Failure Causes)
KRC RELATED TESTING
Flectrical bond testing is performed per USBI STF 407,

Afier installation cach anleana is tested for VSWER before cable installation per IOREQ-(021, para 1.2.1.14.
fAl Failure Causes)

The antenna system is tested (o the requirements of 10RE(Q-0021, paragraph 1.2.1.1.3 after installation. (All
Failure Canses)

COrpen 1oop 1zst performed per OMRSD File 11, Vol I, requirement SO0000. 380,
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o Al approximately T-50 minutes, the range ransmitier i= hrought up and maintains capure of the IRD unli‘l the
separalion sequence is started. From T-50 until scparaticn, the signal xtrength measurcmenls (B53E1100C and
BASE110LC) provide an indication that the amennas arc operational. There is oo reliablz method 10 assurc an
individual antenns it operational; however, if both antennas fail, the signal strength measurements will inglicate
the multiple fuilure from IRD capture (T-50} through separation (Referonce QMRSD File II, SOFHO.031/032).

o Adfter each fiight the antennas wre refurhished and acceptance tested at the LaBarge faciliry per procedure MOP |
477 and 52600. (AN Failurc Canscs) (Mote: This applies to 10406-00%3-103 only)

C. INSFECTION

R REE]

VENLDOQR RELATED INSPECTTONS
0 USBI QAR monitors receiving inspeclion and raceability records per SIF 1351

0 Supplier Quality and USBI QAR petform in-process inspeelions fo preclude errors in workmanship and
materizls during assambly of the antenna, The USBI QAR mandatory inspaction points are listed helow.

Basze Plale per SIP 1351
Conductor Feed per STR 1351
Fillar Feed per SIP 1351
Filler Top per SIP 1351
Supporn per STP 1351

Filler per SIP 1351

PC Boards per S1P 1351
Connector Modification per SIF 1351
Cover per SIF 1351

Gasket per SIP 1351

Flate Cover per 5TP 1351

== T =S R o R« Y I = = R = e

UsEI QAR witnesses gcceptance testing per SIP 1351, (All Failure Causes)
Critcal ProcessesInspeclions/Opemions:
o MNome
KSC RELATED INSPFECTION
O Installation of antenns is verified by TUSBI QA
USBI QA witnesses and accepls worquing of antenna mounting bolts.

O USBI QA witnesses and aceepts electrical bonding resistance checks betwesn antenna and SRB Forward Skirt
assemibly.
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USBI QA inspects antennd teceptacics for damage and conlaminalion during hook up of cable 1e anenna.
USBHI (A withesses ¥YIWER tesl. (All Fuilure Causes)

TISBI QA witnesses antenna sysiem testing. {All Failure Causes)

o I o R o Y

The antenna protective cavers are removed and the antennas are inspected for damage per Lockheed Procedure
AS5214 during roll-oul preparation,

REFURBISHMENT INSPECTIONS {Fot 10406-0093-103 only} ons
FEINA]

( “Ihc anlénna is inspected for scratches, nicks or surface indenlations, warpsd base plate. disLurtlium%. Cring
grocve distortion and salt water intrusion. No arlenna willy evidence of salt water intruzien or blenish in excess
of that allowed by 10SPC-0131 shall be relurbished for flight use. The antenna is refurbished per LaBarge
refurbishment procedurc MOP-477 after cach use. USBI QAR shall verify refurbistwnent per SIP 1331

[ FAILURE HISTORY

O Failure Histories may be obtained from the PEACA databasce,

E. OFERATIONAL USE

O Not applicable to this failure mode.
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